OBJECTIVE: To assess the validity of self-reported height and weight in a Japanese workplace population, and to examine factors associated with the validity of self-reported weight. DESIGN: Comparison of self-reported height and weight with independent measurement. SUBJECTS: In total, 4253 men and 1148 women aged 35-64 y (mean measured body mass index (BMI): 23.3 kg/m 2 in men, 21.9 kg/m 2 in women) were included in the study. MEASUREMENTS: Self-reported height and weight were obtained by a self-administered questionnaire. Measured height and weight were based on annual health checkups. Sex, age, measured BMI, and the presence of hypertension, diabetes, and hyperlipidemia were examined as potential factors associated with the accuracy of self-reported weight. RESULTS: Self-reported height and weight were highly correlated with measured height and weight for men and women (Pearson's r for men and women: 0.979 and 0.988 in height, 0.961 and 0.959 in weight, 0.943 and 0.950 in BMI, respectively). For men, mean differences72 s.d. of height and weight were 0.07872.324 cm and À0.03475.012 kg, respectively, and for women 0.02971.652 cm and 0.02474.192 kg, respectively. The prevalence of obesity with BMI Z25 kg/m 2 based on selfreported data (23.6 and 11.5% for men and women, respectively) was slightly smaller than that based on measured data (24.9 and 12.4%, respectively). Specificity and sensitivity, however, were quite high for both men and women (sensitivity was 85.8 and 85.2%, and specificity was 97.0 and 98.9%, respectively). The subjects with higher measured BMI significantly underestimated their weight compared with those with smaller BMI after adjustments for age in men and women. Furthermore, the presence of diabetes in men and age in women affected self-reported weight. Neither the presence of hypertension nor hyperlipidemia was associated with reporting bias. CONCLUSION: The self-reported height and weight were generally reliable in the middle-aged employed Japanese men and women. However, it should be remembered that self-reported weight was biased by actual BMI and affected by age and the presence of diabetes.
Introduction
Height and weight are the most commonly used anthropometric measurements in clinical practice and research. Body mass index (BMI), which is constructed from these measurements, can be used to assess nutritional status and overall health such as anorexia and obesity. A U-shaped association for BMI and mortality has been reported for older adults. 1 Obesity has also been identified as an important risk factor for many diseases including cardiovascular disease, diabetes, and some cancers. 2, 3 Height and weight are also frequently obtained by inquiries on self-administered questionnaires or during personal or telephone interviews. Self-reported height and weight are commonly used in epidemiological studies because their measurement is simple, inexpensive and noninvasive for collecting data from large numbers of people. For example, the Youth Risk and Behavior Surveillance Study and the Behavioral Risk Factor Surveillance System rely on self-reported height and weight in order to assess the impact of body weight on self-esteem, dieting, and overall health in the US. 4 The accuracy of self-reported height and weight has been investigated by some researchers. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Many studies have shown a high correlation between measured and selfreported height and weight, with height generally overestimated [5] [6] [7] [8] [9] [10] [11] [12] [13] and weight underestimated. [5] [6] [7] [8] 10, [12] [13] [14] [15] [16] [17] [18] 23 Men, in particular, were more likely to overestimate their height, 10, 12 and women were more likely to underestimate their weight. 5, 7, 11, 13, 17 It has been said that these biases in reporting might influence the distribution of BMI, and consequently the prevalence of obesity. It has been also reported that self-reports often yield inaccurate information for certain subject subpopulations. For example, overweight people have a greater tendency to underestimate their weight than do lighterweight people, 5, 6, [10] [11] [12] [14] [15] [16] [17] [18] [19] especially women. Older men tend to overestimate their height than do younger men. [10] [11] [12] [13] 20 Some reports have also shown that individuals with eating disorders were accurate when self-reporting their weight. 21, 22 However, the associations between the other diseases and reporting bias have not been sufficiently investigated. A few previous studies have reported an association between chronic diseases and reporting biases in weight. 5, 15, 16 Niedhammer et al 5 indicated that taking medication for high blood pressure, high cholesterol, or high blood sugar was not associated with the difference between measured and self-reported weight. Jeffery 15 reported that history of weight-related disease such as high blood pressure, diabetes, or heart disease predicted the small degree of weight underestimation in men, but not in women. However, they did not perform an analysis by each disease and these results were not consistent. Moreover, most previous studies have been conducted on occidental people, but there are few studies conducted on Asian people whose body size is different from Occidentals. The study by Nakamura et al 23 examined the validity of self-reported height and weight in 368 Japanese women aged 22-42 y and reported that self-reported height and weight were generally reliable. However, their study had a small number of subjects and included only women who were rather young. So, the purpose of this study is to assess the validity of selfreported height and weight in a large number of the Japanese middle-aged men and women, and to examine factors associated with the validity of self-reported weight.
Methods

Subjects and design
This study was performed as a part of a cohort study on cardiovascular disease, whose participants were public servants in a workplace in Aichi prefecture, Japan. They were aged 35-64 y and had middle-classed economic conditions. They underwent an annual physical examination including height and weight. In 2002, they were requested to answer a self-administered questionnaire about medical history and lifestyle characteristics. This questionnaire included asking a person to state his or her height and weight. The self-administered questionnaires were collected prior to 2002 physical checkups. This self-reported height and weight was compared with the same year's measured height and weight. In the total of 5536 subjects with measured actual height and weight, 5401 subjects (98.6%) responded with self-reported height and weight. Individuals who did not respond were not significantly different in age, height, and weight from those individuals who responded. All subjects in this study gave their informed consent to the use of their personal information for analysis. The study protocol was approved by the Ethics Committee of Nagoya University Graduate School of Medicine, Nagoya, Japan.
Anthropometric measurements
Height and weight were measured when subjects were dressed in light indoor clothing and without footwear. Height in cm was measured to the nearest 0.1 cm, and weight in kg was measured to the nearest 0.1 kg. Selfreported BMI based on self-reported height and weight and measured BMI were calculated as (weight in kg)/(height in m) 2 .
Statistical analysis
As the validity of self-reported height and weight may differ among men and women, separate analyses were made for each gender. Differences were calculated by subtracting measured values from self-reported values in height, weight, and BMI. Differences between measured and self-reported values were tested by paired t-test. Mean differences with the sign of the difference ignored were also calculated and called as mean absolute value of the difference. Pearson's correlation coefficient was used for evaluating concordance between measured and self-reported values. In order to assess the agreement in detail, the differences between measured and self-reported values were plotted against the mean of measured and self-reported values. A plot within mean difference72 s.d., which was referred to as 'limits of agreement,' was considered satisfactory in terms of assessing agreement between the two measurement procedures. 25 Measured and self-reported BMI was divided into four categorical groups (o18.5, 18.5 to o22.0, 22.0 to o25.0, Z25). In the 4 Â 4 contingency table based on measured and self-reported BMI, the Kappa statistics were performed to assess the degree of concordance. We adopted the criteria recommended by the Japan Society for the Study of Obesity, 26 since the subjects with BMI Z30 kg/m 2 were only about 1.3% of all subjects. According to this criteria, those with a BMI Z25.0 kg/m 2 were defined as obese. Prevalence of obesity based on self-reported BMI was compared with that
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To clarify factors associated with the accuracy of selfreported weight, potential explanatory variables were examined. These variables included not only the age and BMI category but also the presence of chronic diseases such as hypertension, diabetes, and hyperlipidemia. The difference between self-reported and measured weight was used as the criterion variable. We examined all relationships between each of the explanatory variables and the criterion variable by one-way analysis of variance. Then, the multivariate analysis adjusted for age and BMI was performed by one-way analysis of covariance.
All analyses were conducted using the SPSS statistical package for Windows Version 11.5. A P-value of less than 0.05 was considered statistically significant in all analyses.
Results
Subjects were aged 35-64 y. The mean age for men and women was 48.5 y (s.d.: 7.11 y) and 46.7 y (s.d.: 7.06 y), respectively.
There was a strong correlation between measured and selfreported values in height, weight, and BMI for men and women (Pearson's r for men and women: 0.979 and 0.988 in height, 0.961 and 0.959 in weight, 0.943 and 0.950 in BMI, respectively) ( Table 1) .
Although men statistically significantly overestimated their height (Po0.001), the mean difference of 0.078 cm was very small ( Table 1) . The difference between measured and self-reported weight was not statistically significant. As a result, a self-reported BMI was statistically significantly underestimated (Po0.05), but the difference was also small (mean difference: À0.035). Mean absolute value of the difference in height, weight, and BMI was 0.544, 1.528, and 0.578, respectively. For women, there was no statistically significant difference between measured and self-reported values in height, weight, or BMI. Mean absolute value of the difference in height, weight, and BMI was 0.438, 1.218, and 0.532, respectively.
The differences between measured and self-reported values were plotted against the mean of measured and self-reported values in height and weight (Figures 1 and 2 ). For men, mean differences72 s.d. of height and weight were 0.07872.324 cm and À0.03475.012 kg, respectively, and for women 0.02971.652 cm and 0.02474.192 kg, respectively. Within a height difference of 0.5 cm or less in either direction, 65.6% of the subjects were included for men and 71.6% for women. Within a weight difference of 0.5 kg or less in either direction, 31.2% of the subjects were included for men and 39.2% for women. Table 2 indicated that the Kappa value was excellent when the four classes of self-reported BMI were compared to their measured BMI (Kappa: 0.775, Po0.001 for men, 0.818, Po0.001 for women).
As shown in Table 3 , the prevalence of obesity based on self-reported values for men and women was, respectively, 23.6 and 11.5%. These were 0.95 and 0.93 times as great as the prevalence of obesity based on measured values, which were 24.9 and 12.4%, respectively. When the measured value was taken as the reference, very high specificity was obtained for men and women (97.0 and 98.9%, respectively). Sensitivity was 85.8 and 85.2% for men and women, respectively.
The relations of potential explanatory variables with the differences between measured and self-reported weight are shown in Table 4 . After adjustments for BMI, age was associated with the difference between measured and self-reported weight in women, but not in men. Women less than 40-y old underestimated their weight, whereas women over 40-y old overestimated their weight. Self-reported weight was biased by measured BMI after adjustments for age in men and women; thus, the subjects with higher measured BMI significantly underestimated their weight compared with those with smaller BMI. We should also note that individuals with measured BMI above Validity of reported height and weight in Japan K Wada et al were likely to overestimate their weight among both men and women.
The analysis adjusted for age and BMI indicated that the presence of diabetes was associated with a greater difference between measured and self-reported weight for men, but not for women; thus, men affected by diabetes were more likely to overestimate their weight. Neither the presence of hypertension nor hyperlipidemia was associated with the difference between measured and self-reported weight for men and women.
Discussion
Our data confirmed the results found by other studies 5, 7, 8, 12, 14, 17, 20, 23 that self-reported height and weight were highly correlated with measured height and weight Validity of reported height and weight in Japan K Wada et al for both men and women. Furthermore, we also exhibited a graphical analysis to confirm the agreement of the two measurement procedures. The variance for the difference between measured and self-reported value was higher in weight than in height, but the limits of agreement were small in both. Mean absolute value of the differences was also small enough to prove the reliability of self-reported height and weight. On average, self-reported height was 0.078 cm higher and weight 0.034 kg lower than measured values for men. These findings were similar to the previous studies, 5, 8, 10, 12, 13 but the difference observed in our study was much smaller than those in other countries, in which the differences calculated as self-reported minus measured values at height and weight were from 0.4 to 2.1 cm and from À1.9 to À0.5 kg, respectively. For women, self-reported height was 0.029 cm higher and weight 0.024 kg heavier than measured values as a total, but the difference was not statistically significant. Engstrom et al 24 reviewed 26 reports on self-reported height and 34 on self-reported weight in women. They found that women in 21 studies overestimated their height and women in all 34 studies underestimated their weight. It was also suggested that the misreporting of weight may be influenced by the tendency to act in a socially desirable fashion for women. 27 However, women in our study reported their weight more accurately than those in previous studies. Another Japanese study by Nakamura et al 23 reported that mean self-reported weight was 0.2 kg lighter than the measured values. The difference was much smaller than in occidental studies. These findings may be due to the personality or cultural background characteristics of the Japanese. Another reason may be that subjects were middle-aged women. Some studies reported that younger women tend to underestimate their weight. 13, 19 This tendency was also observed in the study by Nakamura et al whose subjects were rather younger than our study subjects. It may also be noted that women in our study averaged lower in weight than those in previous occidental studies.
As a result, our study showed that BMI based on selfreported height and weight tended to be underestimated compared to BMI based on measured height and weight for both men and women, and the difference between these two values was statistically significant only for men. The prevalence of obesity with BMI Z25.0 kg/m 2 based on selfreported data was slightly smaller than that based on measured data. However, specificity and sensitivity proved quite high. Kappa value was also excellent when the four classes of self-reported BMI were compared with their measured BMI. Although many previous studies [5] [6] [7] [11] [12] [13] 15, 16, 19, 20 have investigated the association between age and bias in self-reports, the results were not always concordant. This may be due to different age distributions among these studies. Our subjects, aged 35-64 y, showed that age was associated with a difference between measured and self-reported weight for women, not for men; younger women tended to underestimate their weight. The desire to conform to a perceived societal norm may be stronger in younger women. Values are expressed as n. Percentages are in parentheses. BMI: body mass index. Validity of reported height and weight in Japan K Wada et al
We also showed that measured BMI biased the accuracy of the self-reported weight; that is, the higher the measured BMI, the more the underestimation for both men and women. Since the same trend had been observed in previous studies, 5, 6, 11, 14, [16] [17] [18] [19] we confirmed that the degree of obesity was one of the most important factors that biased the difference between measured and self-reported weight.
A few previous studies have reported an association between chronic diseases and reporting biases in weight. 5, 15, 16 Bolton-Smith et al 16 indicated that men with diabetes underestimated their weight more than those without diabetes, but there was no significant difference for women. In our study, men with diabetes were more likely to overestimate their weight, but not women. Although the direction of reporting weight in men was different between the two studies, the presence of diabetes may affect the validity of self-reported weight. Individuals under treatment for diabetes are likely to have increased weight variability, which may have caused a large reporting bias. The inconsistency between genders may be due to the small number of women with diabetes at present. Neither the presence of hypertension nor hyperlipidemia was associated with any reporting bias. Future studies should examine these issues in a large number of subjects or other populations. We examined whether a history of attempted weight loss and smoking status could be associated with the accuracy of self-reported weight. Neither of these were associated with a reporting bias for either men or women (data not shown), although some studies had reported that restrained eaters had a tendency to underestimate their weight, 19, 21, 28 and smoking was associated with overestimating weight. 19 The generalizability of our study is limited by the fact that our subjects were ethnically homogeneous and included only middle-aged, employed individuals. Since workers usually undergo an annual physical checkup in Japan, it is possible that our results may be affected. Further research is needed among community residents, adolescents, and older people.
We suggest that the self-reported height and weight were generally reliable in the middle-aged employed Japanese men and women. In examining the prevalence of obesity or the association of obesity with various diseases among a large number of subjects, BMI based on self-reported height and weight is also useful, but should be used with caution in that Validity of reported height and weight in Japan K Wada et al its tendency is to be a little lower than the measured BMI. Self-reported weight was biased by actual BMI and affected by age and the presence of diabetes. Thus, it would be advisable not only to carefully consider these biases in the interpretation of data but also to adjust for them when using self-reported weight in epidemiological studies.
